In this paper we present experimental investigations of carbon nanotubes deposited on highly orientated pyrolytical graphite using scanning tunneling microscopy and scanning tunneling spectroscopy. The aforementioned methods apart from detailed topographic data provided us with information about local density of state. We also show the I−V and dI/dV characteristics, which display the metallic and semiconducting characters of investigated carbon nanotubes. All measurements were taken in the air and at room temperature.
Introduction
Carbon nanotubes (CNTs) (which are cylindrical objects) may consist of one layer -single-walled nanotubes (SWNTs) or of several layers -multiwalled nanotubes (MWNTs) [1] . The CNT's typical diameter ranges from 1.2 nm to 2 nm for SWNT and it is about 25 nm for MWNT. Their length (height) can amount to several µm. CNTs have sp2 hybridization between carbon atoms. One of the basic properties of CNTs, as far as the structure and the electric properties are concerned, is their chirality and earlier mentioned diameter [2] [3] [4] [5] [6] . The chiral (or helicity) vector connects two crystallographically equivalent points. The C vector is defined by the n, m symbols (their value can be used in defining the type of the CNT) and the two vectors of hexagonal lattice a 1 and a 2 , where C = na 1 +ma 2 ≡ (n, m). The values of n and m number have hexagon coordinates on the graphen sheet surface. Such surface, after being rolled up into CNT has identical orientation as the hexagon at the beginning of the system. We can distinguish the characteristic configurations of carbon nanotubes: zigzag (n,0) and (661) armchair (n, m) configuration. The other objects are of the chiral type and have a finite wrapping φ angle. The φ angle is included between the zigzag direction (n, 0) and the unit vectors a 1 and a 2 (see Fig. 1 ). Due to the six-time rotation of hexagonal cell, φ angle values are between 0 and 30 degrees [6] . According to Wilder et al. [7] : "All other wrapping angles lead to helicity tubes whose wrapping angle is specified relatively to either the zigzag direction θ or armchair direction φ = 30
• − θ. Dashed lines are perpendicular to C and run in the direction of the tube axis indicated by vector T . The solid vector H is perpendicular to the armchair direction and specifies the direction of nearest-neighbor hexagon rows, indicated by black dots. The chiral angle φ is the angle between T and H vectors". Fig. 1 . Division of the graphite layer for nanotubes such as: zigzag, armchair, and chiral, according to Wilder et al. [7] .
The theoretical calculations give information that 1/3 of SWNTs have a metallic character while the remaining 2/3 have a semiconducting character. With the following properties of parameters n and m: n − m = 3q, where q -integer number, SWNT reveals the metallic character [8] . As far as MWNT are concerned, their conducting properties depend on the number of layers which constitute them, as well as the conducting properties of the layers themselves. Additionally, their electrical conductivity decreases with increasing temperature (our measurements were taken at room temperature). The conductivity in CNTs takes place through discrete, strictly defined electron states. In case when the length of the conductivity way is shorter than the free way of electron, then electron transportation has a ballistic character. The electric properties in the CNTs may differ locally. For instance, it was discovered that metallic carbon nanotubes may show the semiconducting character at its ends [9] .
In this paper we investigate the conductance of the metallic and semiconducting CNTs. We present clear evidence of the basic properties of CNTs, as far as the structure (chirality and diameter) and the electric properties are concerned. Electronic transport properties and local density of state were measured using the scanning tunneling microscopy/scanning tunneling spectroscopy (STM/STS) techniques.
Experiment
The investigated CNTs came from Center of Advanced European Studies and Research (CAESAR), Bonn. They were located in the substrate collected from arc cathode and suspended in the deionized water. The color of suspension was black (in all likelihood, substrate has not undergone cleaning). High condensation of the deposit in water as well as the size of formed conglomerates prevented us from direct placing of the deposit on the investigated surface. CNT were submerged in highly evaporating solvent-butyl acetate (CH 3 COOC 4 H 9 ). Next, the solution was placed in the ultracentrifuge from 5 up to 10 min. About 0.1 ml of this solution was deposited on the highly orientated pyrolytical graphite (HOPG) surface. To quicken the evaporation the sample was placed in the drier for 8 min (at temperature of 40−70
• C). It was affirmed that deposition of the solution larger than 0.1 ml does not allow obtaining good quality images. It is due to the fact that in such case there are too many CNTs on the investigated surface. On the other hand, using smaller amount of solution than 0.1 ml with maximum scanning surface 850 nm × 850 nm did not always allow observing CNT. STM has proven to be useful technique in investigating atomic and electronic structure of CNT [10] [11] [12] [13] [14] [15] . Research carried out by means of STM and STS are characterized by high sensitivity to all kinds of outward factors -for instance, thermal drift or outward vibrations. Within a low voltage (< 0.5 V) range I−V dependence is linear. Only for higher voltage current it becomes to rise rapidly. It is connected with a higher probability of tunneling transition when the voltage is higher.
The probability of tunneling transition is the highest for electrons on the Fermi level of minus polarized electrode. In the first approach, the tunneling current between two metals is a linear function of polarizing voltage and exponent of tip-sample length. It is true for a small voltage, where eV < φ, φ -thermionic work function. When eV > φ, the tunneling current depends on the third voltage power which occurs as a result of lowering the effective height barrier. It finds its reflection in I−V characteristics (see Fig. 2 ). These characteristics consist of linear and non-linear part (∼ V 3 ). I−V characteristics have the metallic character and can be described in approximation by the following formula: where α, γ -constants. The curves of I−V characteristics are almost identical -insignificant differences occur for the voltage higher than +0.6 V. The dynamic conductance dI/dV taken from the averaged out I−V characteristics is shown in Fig. 3 . The dependence of the second power of voltage (∼ V 2 ) indicates the parabolic shape of the curve which is tantamount to the fact that the investigated CNT has a metallic character. As shown in Fig. 3 , the curve of conductance is altered towards the rising values G(V ). The magnitude of this displacement is equal to the α-constant. 
Morphology and diameter measurements of CNTs
In Fig. 6 another peculiarity in morphology of investigated objects is presented. The arrows show the two CNTs coming out from the inside of other CNTs. It is visible in Fig. 7b that the diameters of exterior CNTs differ from one another by about 1 nm. Analyzing the line profiles from Fig. 7c and d it can be noticed that the diameters of the interior CNTs are almost identical. Additionally, knowing that the smallest distances between the MWNTs walls amount to ≈ 0.34 nm we can assume that between exterior CNT (d t = 3.33 nm) and the interior one (d t = 1.46 nm) there are another two CNTs. In such case their diameters should amount to d t ≈ 2.14 nm and d t ≈ 2.82 nm, respectively. However, between CNTs with diameters amounting to d t = 2.48 nm for exterior diameter and d t = 1.51 nm for interior one there are no other CNTs. Figure 8 , in which objects with their shape resembling lengthened hemisphere, seems to be interesting. There is a probability that the hemispheres, formed during CNT's synthesis, are fullerenes as the methods of their obtaining are similar to those of CNTs. It is also possible that they are just short CNTs (fullerene C70 is considered to be the shortest SWNT). Figure 9 shows a line profile of the objects from Fig. 8 . 
Is it still CNTs or already fullerenes?

Conclusion
The spectroscopy investigations showed a different conducting character of CNTs, as well as the surface on which they were deposited (HOPG), despite similarities in structure and the character of their bonds. As a result, a considerable influence, which morphology of the investigated materials has on their electric properties, was observed.
Additionally, the conclusions concerning conductivity character and dominance of CNTs of metallic conductivity (at room temperature) are important from the point of view of electronics.
The conclusion presented has crucial implications for CNTs applications. The knowledge of their defects may pose restriction for their applications.
